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[bookmark: _Toc116995841]Introduction

For Rel 18 CSI enhancements, a new CSI quantity has been presented to the 3GPP industrial community. This new CSI quantity is called Time Domain Channel Property (TDCP) indicator and its function is focused on providing the BS radio physical interface with new CSI information regarding the relative mobility of the UE and associated Doppler characteristics of the link with the serving BS. This indicator is useful for specific reconfiguration uses cases, like CSI codebook type switching (Type-I to Type-II switching based on the channel conditions or channel variability with time information; if the channel varies faster than a certain threshold then a Type-II to Type-I switch occurs) and reference signal reconfiguration (e.g., SRS).
The way forward (WF) on NR MIMO evolution RRM requirements from the RAN4#107 meeting R4-2310178 
	Issue 1-1-1: Whether to specify RRM requirements for TDCP reporting?
Agreements
· FFS to define TDCP measurement accuracy requirements.
· FFS to define TDCP measurement delay requirements



Background
For each propagation path  in a cluster , the Doppler shift depends on the arrival angles, described by the spherical unit vector , and the UE velocity vector,  with speed . If we assume, for simplicity, zero elevation angles, and consider only the azimuth angles, the Doppler frequency, , for path  in cluster  is given as follows, where  is the angle between the incoming propagation path and the UE velocity vector and  is the carrier wavelength (see, for example, eq. 7.5.22 in TR38.901) [1].
	
	[bookmark: _Ref141947886][bookmark: _Ref141947968](1)


For a multipath channel, the Doppler spread (in hertz), , is the maximum Doppler frequency over all the incoming paths
	
	[bookmark: _Ref141947991](2)


and is such that . Note that multiple paths may arrive at the receiver with the same delay but from different directions, hence, for a general multipath channel, a single delay of the channel impulse response is characterized by multiple Doppler shifts.
Equivalently, we can define the Doppler speed (in m/s) as the Doppler spread normalized by the carrier wavelength,
	
	(3)


such that . Doppler spread or Doppler speed are a direct measurement of the time variability of the channel, resulting from transmitter, receiver or scatterer movements.
The time-correlation function may be calculated per channel delay-tap instead of per subcarrier. However, this does not simplify the profile compared to a wideband Doppler spectrum because each channel tap is, in general, the superposition of multiple angles of arrivals in NLoS channels.
Figure 1 and Figure 2 illustrate the relationship between UE speed and Doppler spread for a LoS and NLoS channel, respectively.
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[bookmark: _Ref142635399]Figure 1. Illustration of Doppler spread for a LoS channel.
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[bookmark: _Ref142635408]Figure 2. Illustration of Doppler spread for a multipath NLoS channel.



For a LoS channel, illustrated in Figure 1, the time-correlation at lag  is given by
	
	(4)



which has constant amplitude and linear phase variations with slope . The normalised Doppler spectrum is given by
	
	(5)



Therefore, for LoS or near-LoS channels, the amplitude of the time-correlation function is constant for any Doppler spread and does not provide any information on the time variability of the channel, which can be instead estimated by the slope of the time-correlation phase, or from the peak of the Doppler spectrum. The Doppler spread can be found by estimating the maximum Doppler shift measured in the Doppler spectrum. The Doppler spectrum is defined as the Fourier transform of the time-correlation function of the channel. 
Time Domain Channel Property (TDCP)
Let  be the Tracking Reference Signal (TRS) channel measured at subcarrier , with , and time , where  is the time interval between two consecutive TRS measurement occasions. Let us assume a UE takes  repetitions of such TRS measurements at time . The normalized wideband time-correlation function [1] at lag , averaged over the  subcarriers, is given by , given by equations (6) and (7). Figure 3 shows an illustration of the time correlation calculation for TDCP across multiple TRS. It is worth noting that this method provides reduced variability in TDCP amplitudes with the same number of TRSs and requires uniform spreading of delays, i.e., Dk=k∙D1 (see Figure 4).
	
	[bookmark: _Ref141948025](6)


The wideband time-correlation function   is then normalized by the time-correlation function with lag 0, , as:
	
	[bookmark: _Ref141948032](7)



[image: ]
[bookmark: _Ref141947818]Figure 3. Illustration of the Time Correlation Calculation for TDCP.

In RAN1#112 meeting, alternative B (i.e., Time domain correlation profile) was down selected as the TDCP value out of a set of other alternatives.

	B. Time-domain correlation profile 
	Non-zero quantized version of amplitude  for a number of delay values  (quantized amplitude vs delay)

Example equation 

where

and  is the channel for subcarrier n.

	· Normalized auto-correlation of a time series measured from a TRS resource.
· Multiple auto-correlation values can be calculated from different lags of the same resource or different resources
· The autocorrelation can be estimated by replacing the channel  for subcarrier n in the defining formula in column 2, with the matched filter subcarrier components   of the received signal  where  is the complex conjugate of the known transmitted TRS signal. For  one can use the arithmetic average over the two TRS symbols separated by the time  , i.e.


Or, alternatively, one may use the geometric average for , i.e. 

Further methods to remove noise bias and to suppress noise can be used.



[bookmark: _Toc142669934]TDCP is calculated as the normalized time correlation function from 2 or more channel measurements estimated based on TRS. 
[bookmark: _Toc142669935]The normalized TDCP coefficient for delay () from multiple TRS transmissions may be calculated as 
a. [bookmark: _Toc142669936], where 
b. [bookmark: _Toc142669937]This method provides reduced variability in TDCP amplitudes with the same number of TRSs and requires uniform spreading of delays.
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[bookmark: _Ref142654008][bookmark: _Ref142654000]Figure 4. Comparing two methods of delay correlation calculation.
TRS configuration
For TDCP, the wideband correlation between two CSI-RS transmissions is configured with a higher layer parameter trs-info, that is separated by Dn symbols, where Dn is the n-th delay configured value among configured delay values {D1, …, DY} and Y is number of configured delay values (lags) between TRS measurements.
In RAN1#112, several possible TRS configurations were discussed to enable TDCP reporting. For Y=1, the network should be able to configure reporting of the time-correlation amplitude measured on a delay between two TRS resources of ~5ms or larger. However, for a single periodic TRS resource set, the minimum configurable periodicity is 10ms for SCS=15KHz, whereas for a 4-resource TRS, a correlation lag of 1 slot can be measured [2].
	Agreement (RAN1#112)
For the Rel-18 TRS-based TDCP reporting, for TDCP measurement and calculation, by RAN1#112bis-e, decide between the following alternatives:
· Alt1. Fully reuse legacy TRS 
· Alt2. Study enhancements on TRS (e.g. periodicities)
Note. If there is no consensus on Alt2, Alt1 is the default outcome


In the latest round of discussions for RAN1#112 meeting, the TDCP concept has been technically defined at a great extent. These were the additional agreements: 
1. Basic feature: The number of lags  was chosen as a default feature with delay ≤ Dbasic symbols, only wideband quantized normalized amplitude is reported. 
2. Optional feature: The optional feature,  with delay> Dbasic symbols and , wideband quantized normalized amplitude and (optionally) phase for each delay are reported. 

For enhancements of the TRS the two main solutions are described as follows:

· Combination of a first periodic TRS (P-TRS) set and a second aperiodic TRS (AP-TRS) set. This solution entails triggering an AP-TRS associated with a P-TRS having large periodicity (e.g., 10 ms). The additional CSI-RS resources introduced by the AP-TRS provide the flexibility for measuring TDCP with small delays (e.g., 5ms). 

· Combination of a first P-TRS set, i.e., TRS 1 and a second P-TRS set, i.e., TRS 2. TRS 2 is transmitted with an offset of a few subframes with respect to TRS 1. In this solution the second P-TRS is used to add CSI RS resources across subframes and enables to measure TDCP with small delays (e.g., 5ms). 

For Y>1, if the higher layer parameter phase is configured, the UE is expected to report the amplitude and phase of TDCP measurement for each of the configured delays, if supported by UE capability.
The time domain behavior of the CSI-RS resources within a CSI Resource Setting are indicated by the higher layer parameter resourceType and can be set to aperiodic, periodic, or semi-persistent. For periodic and semi-persistent CSI Resource Settings, when the UE is configured with groupBasedBeamReporting-r17, the number of CSI Resource Sets configured is S=2, otherwise the number of CSI-RS Resource Sets configured is limited to S=1, except for periodic CSI Resource Settings, when the UE is configured with TDCP reporting, for which the number of CSI-RS Resource Sets in the CSI Resource Setting for channel measurement is  and all the CSI-RS Resource Sets are configured with the higher layer parameter trs-Info. For periodic and semi-persistent CSI Resource Settings, the configured periodicity and slot offset is given in the numerology of its associated DL BWP, as given by BWP-id. When a UE is configured with multiple CSI-ResourceConfigs consisting of the same NZP CSI-RS resource ID, the same time domain behavior shall be configured for the CSI-ResourceConfigs. When a UE is configured with multiple CSI-ResourceConfigs consisting of the same CSI-IM resource ID, the same time-domain behavior shall be configured for the CSI-ResourceConfigs. All CSI Resource Settings linked to a CSI Report Setting shall have the same time domain behavior.
For TDCP measurement, one aperiodic or periodic CSI Resource Setting is configured, and the Resource Setting is for channel measurement on CSI-RS for tracking.
For aperiodic CSI, a UE configured with a CSI-ReportConfig with the higher layer parameter reportQuantity set to 'tdcp' is expected to be configured with one CSI Resource Setting (given by higher layer parameter resourcesForChannelMeasurement). The CSI Resource Setting can be configured with trs-Info and they may be periodic, with  CSI-RS Resource Sets or aperiodic, with a single CSI-RS Resource Set. For a periodic CSI-ResourceConfig, the UE can assume that all the CSI-RS resources in the  CSI-RS Resource Sets share the same QCL-TypeA/C and, if applicable, TypeD. The UE expects that all the CSI-RS resources in the CSI-RS Resource Set(s) are configured with the same bandwidth and subcarrier locations.

[bookmark: _Toc142669938]TDCP reports are a set of complex values (of length Y) that the UE reports as amplitude and phase.
[bookmark: _Ref142577735]TDCP quantization
One of the aspects that were considered for TDCP in RAN1 is related to the quantization of the TDCP samples. During RAN1 studies it was identified that TDCP samples were not uniformly distributed, and that the mapping to speed was more sensitive to quantization errors in certain value range than others. 
Nonuniform quantization employs an ingenious strategy: it increases the step size in the quantizer's input-output amplitude characteristic as the distance from the origin grows. By doing so, the quantizer's larger end-steps effectively handle occasional signal excursions into high amplitude ranges, while maintaining nearly uniform precision for most of the input signal's amplitude range. This approach results in a reduced need for quantization steps compared to using a uniform quantizer, leading to significant improvements in channel utilization. Assuming memoryless quantization, utilizing a nonuniform quantizer is equivalent to first passing the input signal through a compressor and then applying the compressed signal to a uniform quantizer. To restore the signal samples to their correct relative levels during reception, a device with characteristics complementary to the compression must be employed [4]. 
An important consequence of nonuniform quantization is that it enhances the signal-to-noise ratio (SNR) for low-level signals at the expense of a slightly reduced SNR for high-level signals. This trade-off allows for fine quantization of weak signals and coarse quantization of strong signals. As a result, quantization noise becomes proportional to the signal magnitude, thereby improving the overall SNR by reducing noise for the dominant weak signals and accepting a marginal increase in noise for the infrequent strong signals (as depicted in Figure 5) [5].
[image: ]
[bookmark: _Ref142633804][bookmark: _Ref141948608][bookmark: _Ref141948564]Figure 5. Uniform and nonuniform quantization of signals.
For TDCP, the nonuniform quantization of the wideband normalized amplitude has the alphabet given by;
 where .
And the uniform quantization of the phase is given by this alphabet;  where .
Figure 6 illustrates the nonuniform quantization of the amplitude, which enables finer representation of A(l) as it approaches 1.
[image: ]
[bookmark: _Ref142393549]Figure 6. Nonuniform quantization of the amplitude.
[image: ]
Figure 7. (a) Nonuniform quantization of the amplitude and (b) Uniform quantization of phase.

	Agreement
For the Rel-18 TRS-based TDCP reporting, regarding the quantization of wideband normalized amplitude value, 
· At least the following size-Q quantization alphabet is supported:  where 
· TBD: supported value(s) of N (e.g.  or a larger value), Q, s (e.g. ½, ¼, 1/8, …), whether a center threshold is also supported (and if so, higher-layer configured)
FFS: Whether different schemes can be supported for different use cases



[bookmark: _Toc142669939]RAN1 has defined non-uniform quantization of TDCP amplitude coefficients, and uniform quantization of phase coefficients. 
Simulation Results
The simulation results below show the impact of speed on TDCP. The simulated channel is CDL-A, with 10MHz bandwidth, and SU-MIMO downlink transmission.
TDCP is calculated using equations (6) and (7), assuming B=Y+1.
[image: ]
[bookmark: _Ref142591732]Figure 8. TDCP amplitude and phase quantization illustration for Y=4.
Figure 9 - Figure 12 show a polar scatterplot of the correlation values for TDCP parameters mentioned in Table 1, and for two speed values: 6 and 30 km/h. The UEs are randomly placed and have a random direction relative to the BS. The choice of the delay values ensures uniform spacing in time between TRSs, i.e. delays Dk=k∙D1 for k=1,…,Y. All the Y correlation delays of 25 random UEs are plotted together, on a scatterplot, where each point (for Y=1) or line (for Y>1) represents a TDCP report, by one of the UEs. Red color of the line indicated that Rel16 eType-II codebook results in better performance for this particular UE, while blue color indicates that Rel15-Type-I codebook shows better throughput. Each TDCP report consists of Y quantized amplitudes |A(1)|, …, |A(Y)| and, for Y>1, Y quantized phases ∠A(1),…, ∠A(Y). The quantization process is sketched in Figure 8, where concentric circles show amplitude quantization borders and uniform rays show phase quantization borders. Blue dotted arrows show how TDCP reported values are being quantized to the center of the sector. For the illustrative purposes scatterplots bellow show unquantized TDCP delay correlations, as quantization would aggregate multiple TDCP measurements in the centers of the sectors as showed in Figure 8. Figures on the left-hand side show high SNR, virtually noise free, i.e., ideal channel estimations. Figures on the right-hand side show noisy channel estimations with SNR=10 db. As we can conclude noise affects TDCP amplitude more than phase. 
Noise affects TDCP amplitude more than phase.
In the Appendix to this document, we also provide CDF plots for both amplitude and phase for multiple UE speeds and for noiseless and noisy channel estimation. For Y>1 all delay correlations amplitudes and phases are aggregated in the same CDF plots.
[bookmark: _Ref142590403]Table 1. SLS simulation assumptions
	Parameter
	Value

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	Subcarrier spacing
	15 KHz

	Inter-site distances
	200 m

	BS Antenna Configuration
	(8,4,2,2,4);
vertical spacing 0.7 λ;
horizontal spacing 0.5 λ;

	UE Antenna Configuration
	(1,2,2)

	Traffic model
	Full buffer

	CSI-RS period
	20 ms

	UE Speed
	[3, 6, 10, 20, 30, 40, 60] kmph

	TDCP parameters
	[Y = 1,D1=1 slot];
[Y = 1,D1=10 slots];
[Y=3, D1=2 slot, D2= 4 slots, D3=6 slots];
[Y=4, D1=1 slot, D2= 2 slots, D3=3 slots, D4=4 slots];
B=Y+1

	TDCP report
	Amplitude and phase

	Channel model
	CDL-A; delay spread 100ns; ASA 45; ASD 15; ESA 10; ESD 3; UMa; BS power 45 dBm;

	CFO compensation
	Not present
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(a)	       					         (b)
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(c)	       					         (d)
[bookmark: _Ref142636945]Figure 9. Y=1, D1 = 1ms: (a) 6 km/h without noise.  (b) 6 km/h with noise (c) 30 km/h without noise (d) 30 km/h with noise
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(a)	       					         (b)
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(c)	       					         (d)
Figure 10. Y=1, D1 = 10 ms: (a) 6 km/h without noise.  (b) 6 km/h with noise (c) 30 km/h without noise (d) 30 km/h with noise
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(a)	       					         (b)
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(c)	       					         (d)
Figure 11. Y=3, D1 = 2ms, D2 = 4ms, D3 = 6ms: (a) 6 km/h without noise.  (b) 6 km/h with noise (c) 30 km/h without noise (d) 30 km/h with noise
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 (a)                                                                                	(b)
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(c)      							(d)
[bookmark: _Ref142636961]Figure 12. Y=4, D1= 1ms, D2 = 2ms, D3 = 3ms, D4 = 4ms: (a) 6 km/h without noise (b) 6 km/h with noise (c) 30 km/h without noise (d) 30 km/h with noise
When small speeds are considered, the TDCP report concentrate at |A(l)|=1 and angle(A(l)) = 0. As the UE speed increases, the amplitude |A(l)| decreases. The same effect can also be observed in the CDF plots shown in the appendix of this document. As the speed increases, it is also possible to observe that the spread of the amplitude of |A(l)| also increases. Which is also in line with the decision from RAN1 to assign less quantization levels to smaller amplitude of |A(l)|. In this situation, also the phase of A(l) is used for helping on the detection of mobility, In the CDFs at the appendix it is possible to observe a large spread of phase of A(l) for larger speeds. 
[bookmark: _Toc142669940]Both phase and angle of TDCP are useful for determining UE mobility. 
[image: ]
[bookmark: _Ref142581370]Figure 13. Noise effect on throughput performance for TDCP based switching between Rel-15 Type-I and Rel-16 eType-II codebooks.

In Figure 13 the benefits of TDCP can be observed. Here TDCP is used as a metric for determining the best codebook type. In this case the throughput when using this method can be guaranteed, with a performance gain in the order of 9.5 to 12.2 % in comparison to using only Rel16 eType-II. Full description of this use case can be found in R1-2301644 [2].
TDCP Configuration
If the UE is configured with a CSI-ReportConfig with the higher layer parameter reportQuantity set to 'tdcp'
-	the value of Y∈1,2,3,4 is configured by higher layer parameter Y, and Y delay values, D1,…,DY, are configured by higher layer parameter D, such that the UE is expected to report the amplitude of TDCP measurement, as defined in Clause 5.1 of [7, TS 38.215], for each of the configured delays. Values of Y>1 can be configured subject to UE capability. The configurable delay values are Di∈4symbols1,2,3,4,5,6,10slots, i=1,…,Y, where the value Di=10 slots is restricted to subcarrier spacing configuration μ≥1, the values other than Di=10 slots are applicable to subcarrier spacing configurations μ≥0, and where the values Di>Dbasic can be configured subject to UE capability, with Dbasic=1 slot.
· For Y>1, if the higher layer parameter phase is configured, the UE is expected to report the amplitude and phase of TDCP measurement for each of the configured delays, if supported by UE capability.
· 	
The mapping order of CSI fields of one report for TDCP reporting is provided in Table 6.3.2.1.2-3C in R1-2306315 [7].
Table 6.3.2.1.2-3C: Mapping order of CSI fields of one CSI report for reportQuantity=tdcp
	CSI report number
	CSI fields

	CSI report #n

	Amplitude value for the configured delay values as in Table 6.3.2.1.2-10, if reported;

	
	Phase value for the configured delay values as in Table 6.3.2.1.2-10, if reported;



The bitwidth for reportQuantity=tdcp is provided in Table 6.3.2.1.2-10 in R1-2306315 [7].
Table 6.3.2.1.2-10: Amplitude and phase values for reportQuantity=tdcp
	Field
	Bitwidth

	Amplitude value
	4

	Phase value
	4



[bookmark: _Toc116995842]Discussion
To establish the accuracy requirements, the measurements must be compared to a baseline (ideal). The wireless channel experiences time-varying multipath fading due to the movement of the UE. The expected (ideal) value is a function of the UE speed, the details of the channel model, and the noise level. From the results above, the noise level is shown to affect the amplitude. If the channel is a frequency flat, there are many arrivals at the UE, and the distribution of the angles is uniform (i.e., there is a rich scattering environment near the UE), then the theoretical time correlation is the Bessel function which yields the classic Doppler spectrum.  If this were the case, the Bessel function values could be used as the ideal correlation values but would need to be degraded according to the SNR. 
RRM accuracy requirements for TDCP can be useful for guaranteeing the performance of the reports in the field, just like other reporting like L1-RSRP, L1-SINR. However, the mapping to a testable environment of a theoretical TDCP value is still not clear. Therefore, it is needed to define a methodology which can be used for determining the ideal value of the TDCP measurement, including also the formula used for calculating the TDCP value. 
[bookmark: _Toc142669941]So far there is no clear methodology for determining the ideal TDCP value. 
[bookmark: _Toc142669942]RAN4 to study how to determine the ideal value for TDCP for the accuracy requirements. 
[bookmark: _Toc142669943]RAN4 to define TDCP accuracy requirements assuming TDCP coefficient  for lag  calculated as
a. [bookmark: _Toc142669944], where 
RAN1 has defined for TDCP, a nonuniform quantization of the wideband normalized amplitude that has the alphabet given by;  where  and a uniform quantization of the phase that is given by alphabet;  where . As mentioned in session 1.4, the motivation for the non-uniform quantization is that mapping from speed to TDCP amplitude is nonlinear, therefore more bits are assigned for representing the large amplitude of A(l). Considering that motivation, it is reasonable to assume that accuracy would need to be better for values of |A(l)| which are larger and represented with more quantization levels. 
[bookmark: _Toc142669945]RAN1 has defined non-uniform quantization for amplitude of TDCP, because lower speeds are mapped into high amplitude values. 
[bookmark: _Toc142510362][bookmark: _Toc142669946]RAN4 to define accuracy requirements that depend on amplitude for TDCP. 
As part of the next steps for the discussion of TDCP, RAN4 will most likely need to bring simulation results related to the TDCP accuracy. TDCP main motivation in RAN1 is to determine the best codebook type depending on the estimation of UE mobility. Therefore, as part of this work, we need to define the simulation methodology, including how speed can be roughly emulated. One approach that has been used for the definition of performance requirements is to use the maximum Doppler frequency. That in combination with a channel model can be used for defining the TDCP accuracy. 
[bookmark: _Toc142669947]As TDCP is a metric related to mobility detection, it is important to model speed as part of the methodology for determining the accuracy requirements. 
[bookmark: _Toc142669948]RAN4 to study how Maximum Doppler frequency of TDL models can be used for modeling speed for TDCP accuracy requirements. 
[bookmark: _Toc142510366]In addition to channel model parameters, simulation parameters need to include the UE speed, TRS parameters, as well as TDCP parameters. 
[bookmark: _Toc142633875][bookmark: _Toc142669949]RAN4 to discuss simulation parameters, including UE speed, TRS parameters, TDCP parameters, and channel model. 
[bookmark: _Toc116995848]Conclusion
In the paper, the following Observations and Proposals were made:
1. [bookmark: _Toc116995849]TDCP is calculated as the normalized time correlation function from 2 or more channel measurements estimated based on TRS.
The normalized TDCP coefficient for delay (l) from multiple TRS transmissions may be calculated as
a. , where 
b. This method provides reduced variability in TDCP amplitudes with the same number of TRSs and requires uniform spreading of delays.
TDCP reports are a set of complex values (of length Y) that the UE reports as amplitude and phase.
RAN1 has defined non-uniform quantization of TDCP amplitude coefficients, and uniform quantization of phase coefficients.
Noise affects TDCP amplitude more than phase.
Both phase and angle of TDCP are useful for determining UE mobility.
So far there is no clear methodology for determining the ideal TDCP value.
1. RAN4 to study how to determine the ideal value for TDCP for the accuracy requirements.
RAN4 to define TDCP accuracy requirements assuming TDCP coefficient A(l) for lag l calculated as
a. , where 
RAN1 has defined non-uniform quantization for amplitude of TDCP, because lower speeds are mapped into high amplitude values.
RAN4 to define accuracy requirements that depend on amplitude for TDCP.
As TDCP is a metric related to mobility detection, it is important to model speed as part of the methodology for determining the accuracy requirements.
RAN4 to study how Maximum Doppler frequency of TDL models can be used for modeling speed for TDCP accuracy requirements.
RAN4 to discuss simulation parameters, including UE speed, TRS parameters, TDCP parameters, and channel model.
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Appendix A Additional simulation results
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(c)	       					         (d)
Figure 14. Y=1, D1 = 1ms: (a) Amplitude correlation, without noise.  (b) Amplitude correlation, with noise (c) Phase correlation, without noise (d) Phase correlation, with noise
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(c)	       					         (d)
Figure 15. Y=1, D1 = 10 ms: (a) Amplitude correlation, without noise.  (b) Amplitude correlation, with noise (c) Phase correlation, without noise (d) Phase correlation, with noise
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(a)	       					         (b)
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(c)	       					         (d)
Figure 16. Y=3, D1= 2ms, D2 = 4ms, D3 = 6ms: (a) Amplitude correlation, without noise.  (b) Amplitude correlation, with noise (c) Phase correlation, without noise (d) Phase correlation, with noise
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 (a)                                                                                	(b)
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(c)      							(d)
Figure 17. Y=3, D1= 1ms, D2 = 2ms, D3 = 3ms, D4 = 4ms: (a) Amplitude correlation, without noise  (b) Amplitude correlation, with noise (c) Phase correlation, without noise (d) Phase correlation, with noise
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